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[57] ABSTRACT 
An electrophotographic light-sensitive element com 
prising a conductive support which supports a light-sen 
sitive layer containing a carbazole derivative of the 
formula: - 

N 
l 
R1 

wherein R1 is an aryl group, R2 is hydrogen, a halogen, 
an alkyl, an alkoxy, an amino or hydroxy group, and R3 
is an aryl, or a heterocyclic group. 

14 Claims, 6 Drawing Figures 
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ELECTROPHOTOGRAPHIC LIGHT-SENSITIVE 
‘ ELEMENT 

The present invention relates to an electrophoto 
graphic light-sensitive ‘element, and more particularly 
to a novel electrophotographic light-sensitive element 
having a light-sensitive layer containing as the principal 
component’ thereof an organic photoconductive com 
pound. _ 

As electrophotographic light-sensitive elements there 
have been widely known those which have a light-sen 
sitive layer containing as the principal component 
thereof an ‘inorganic photoconductive material such as 
selenium zinc oxide, cadmium sul?de or the like. How 
ever, these are not necessarily satisfactory in character 
istics such as stability against heat, durability, and the 
like, and have problems in the manufacture and han 
dling thereof due to their toxicity. 
On the other hand, an electrophotographic light-sen 

sitive element having a light‘sensitive layer containing 
as the principal component thereof an organic photo 
conductive compound has many advantages such as 
being relatively readily manufactured, being easily han 
dled, and being excellent generally in stability against 
heat as compared with a selenium light-sensitive ele 
ment and the like. As such organic photoconductive 
compounds, poly-N-vinyl carbazole is well known, and 
an electrophotographic light-sensitive element having a 
light-sensitive layer containing as the principal compo 
nent thereof a charge-transfer complex formed from 
said poly-N-vinyl carbazole and a Lewis acid such as 
2,4,7-trinitro-9~fluorenone is a practical reality. While 
on the other hand, an electrophotographic light-sensi 
tive element is known which has a multilayer type or 
dispersion type function-separative light-sensitive layer 
designed so that the carrier-generation function and 
carrier-transport function thereof are separately carried 
out by different materials; for example, an electrophoto 
graphic light-sensitive element having a light-sensitive 
layer comprising a carrier-generation layer composed 
of an amorphous selenium thin layer and a carrier-tran 
sport layer containing poly~N-vinyl carbazole in combi 
nation has been made a practical reality. 
However, poly-N-vinyl carbazole, which is lacking 

in ?exibility, has the disadvantages that a layer thereof 
is rather hard and brittle, tending to cause cracks and 
peeling, and therefore an electrophotographic light-sen 
sitive element made of this material is inferior in the 
durability. In an attempt to overcome this disadvantage, 
a plasticizer isadded to the material, the residual poten 
tial in the electrophotographic light-sensitive element 
prepared by the use of such material when applied to 
the electrophotographic process becomes larger, the 
residual potential being accumulated as the element is 
repeatedly used, thus gradually causing fog in the cop 
ied image. 
Low, molecular weight organic photoconductive 

compounds, on the other hand, since they generally 
have no ?lm-forming ability, have to be used together 
with an appropriate binder, so that while it is advanta 
geous that an appropriate selection of kind and compo 
sition ratio of the binder to be used permits one to con 
trol the physical properties or the electrophotographic 
characteristics of the layer to some extent. However, 
the kinds of organic photoconductive compounds hav 
ing high compatibility with such binders are limited, 
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2 
and those which are applicable to the formation of the 
light-sensitive layer are few. 
For example, 2,5-bis(p-diethylaminophenyl)-1,3,4 

oxadiazole described in US. Pat. No. 3,189,447 has the 
disadvantage that when the compound, because of hav 
ing low compatibility with a binder which is normally 
favorably usable as a material for a light-sensitive layer, 
is mixed with a binder such as, polyester, polycarbon 
ate, in a required proportion to obtain a desirable elec 
trophotographic characteristics deposit of crystals of 
the oxadiazole is often observed in the layer at a temper 
ature above 50° C., thus deteriorating the electrophoto 
graphic characteristics in, such as, the charge retention 
and sensitivity. 

In contrast to this, the diary] alkane derivative de 
scribed in US. Pat. No. 3,820,989, although no problem 
resides in the compatibility thereof with normal binders, 
has the disadvantage that the compound is poor in sta 
bility against light, so that when the compound is em 
ployed in a light-sensitive layer of an electrophoto 
graphic light-sensitive element which is subject to re 
petitive use, i.e. which is to be repeatedly charged and 
exposed, the sensitivity of said light-sensitive layer 
gradually deteriorates. 
On the other hand, a-(9-anthryl)-B-[3-(N-ethyl-car 

bazolyl)]ethylene which has better compatibility with 
binders and can provide an electrophotographic light 
sensitive element having relatively favorable initial 
characteristics, has the disadvantage that when the 
light-sensitive element is repeatedly used the sensitivity 
thereof gradually deteriorates with the accumulation of 
residual potential, so that the light-sensitive element 
containing said compound is insuf?cient in durability. 

Thus, the present situation is that few organic photo 
conductive compounds having desirable characteristics 
practically usable in the manufacture of electrophoto 
graphic light-sensitive elements have been found to 
date. 

It is an object of the present invention to provide an 
electrophotographic light-sensitive element containing 
a carrier-transport material consisting of an organic 
photoconductive compound which is excellent in com 
patibility with binders and stable against heat and light 
as well as excellent in carrier-transportability. 

It is another object of the present invention to pro 
vide an electrophotographic light-sensitive element 
with a photo-conductive layer having excellent ?lm 
strength and excellent stability during repetitive use. 

It is a further object of the present invention to pro 
vide an electrophotographic light-sensitive element 
having high sensitivity and less residual potential. 

It is still another object of the present invention to 
provide an electrophotographic light-sensitive body 
which, when used as a repetitive transfer type electro 
photographic light-sensitive element which is subject to 
a number of repeated cycles of charging, exposure, 
development and transfer processes, is less liable to 
deteriorate by fatigue even after repeated use and is 
capable of preserving excellent durability and retaining 
stable characteristics over an extensive period of time. 
We have found that these objects can be attained by 

using a speci?c carbazole derivative as a photoconduc 
tive material, and thus we have completed the present 
invention. 
The foregoing objects can be attained by an electro 

photographic light-sensitive element comprising on a 
photoconductive support a light-sensitive layer contain 
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ing as the principal component a carbazole derivative 
having the formula: 

N 
l 
R1 

wherein R1 represents aryl group, R2 represents hydro 
gen, a halogen, an alkyl, alkoxy, amino, or hydroxy 
group, and R3 represents an aryl, or a heterocyclic 
group. 

Hereinabove, each of aryl, alkyl, alkoxy, amino and 
heterocyclic groups of R1, R2 and R3 may be substi 
tuted. 
According to one of the preferable embodiments of 

the invention, in the above formula (1), R1 is selected 

15 

from the group consisting of a phenyl group and a naph- 20 
thyl group each of which group may be substituted by 
an alkyl group, preferably by one having 1 to 4 carbon 
atoms, an alkoxy group, preferably by one having 1 to 4 
carbon atoms, a dialkylamino group preferably dimeth 
ylamino or diethylamino group, or chlorine atom or 25 
bromine atom; R2 is selected from a group consisting of 
hydrogen atom, chlorine atom or bromine atom, or an 
alkyl group having 1 to 8, and more preferably 1 to 4 
carbon atoms, an alkoxy group having 1 to 4 carbon 
atoms, a dialkylamino group preferably dimethylamino 30 
or diethylamino group or hydroxy group and R3 is 
selected from a group consisting of a phenyl group, a 
naphthyl group, an anthryl group, a furyl group, a thi 
enyl group, a carbazyl group, a benzfuryl and a benz 

(l) 

CH=CH 

(3) 

(5) 

I 4 

thienyl group, each which group may be substituted by 
an ‘alkyl group having 1 to 8, and more‘pi'eferably l to 
4 carbon atoms, an alkoxy group having 1 to 4 carbon 
atoms, a phenyl group which may be substituted with a 
dialkylamino group (preferably dimethylamino or di 
ethylamino group), a diarylamino group (preferably 
diphenylamino group), a hydroxy group or a halogen 
atom. - 

In the present invention, an electrophotographic 
light-sensitive element which is excellent in electropho 
tographic characteristics such as the physical character 
istics of the coated layer, charge retention, sensitivity, 
residual potential, and the like, and which not only is 
less deteriorated by fatigue even after being repeatedly 
used but stably retains said characteristics against heat 
and light, and thus is capable of displaying the very 
stable characteristics, may be prepared by using a carba 
zole derivative having the above Formula (I) as the 
photoconductive material of an electrophotographic 
light-sensitive element and by using the carbazole deriv 
ative of the present invention as the carrier-transport 
material of the so-called function-separative-type elec 
trophotographic light-sensitive body which utilizes 
nothing but the carrier transportability of said carbazole 
derivative, and which carries out the carrier generation 
and carrier transport separately by different materials, 
respectively. ' 

Examples of carbazole derivatives useful for the pres 
ent invention covered by the foregoing Formula (I) are 
given hereinbelow, but, of course the carbazole deriva 
tives of the present invention are not limited thereto. 

Exempli?ed Compounds 

(2) 
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-continued 

\ 
// \ _ g \ CH=CH .. 
_ ll 5 

/ N 
CH: CH 

N 

(30) 

CH: CH 

N N 

OCH3 

These carbazole derivatives may be readily synthe 
sized by known methods; for example, by the condensa 
tion reaction of N-substituted carbazole-3-carbaldehyde 
having the formula (III) with phosphonic acid diester 
having the formula (IV) in a solvent such as N,N 
dimethyl formamide in the presence of a strong base. 

R2 CHO 

+ 
N 
l 
R1 

Formula [Ill] 

1? 
(R’O)2PCH2—R3 —>RD?II;" 
Formula [IV] 

R2 CH=CH—R3 

N 
1 
R1 

Formula [I] 

wherein R1, R2 and R3 respectively represent the same 
atoms or groups as de?ned in Formula (I), and R’ and 
R” independently represent an alkyl group such as 
methyl, ethyl, etc. 

Typical synthesis methods of carbazole derivatives to 
be used in the present invention are illustrated in detail 
below: 

SYNTHESIS EXAMPLE 1 

Synthesis of Exempli?ed Compound (11) 
22.8 g (0.1 mol) of diethyl-benzyl phosphonate were 

dissolved into 100 ml of N,N-dimethyl formamide, and 
to the solution, with cooling by ice, were little by little 
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added 10.8 g (0.2 mol) of sodium methoxide. To the 
mixture was subsequently added dropwise spending 20 
minutes a solution of 30.1 g (0.1 mol) of N-(p-methoxy 
phenyl)carbazole-3-carbaldehyde dissolved into 200 ml 
of N,N-dimethyl formamide. The resulting mixture was 
stirred in the ice-cooled condition for one hour and then 
further stirred for four hours at room temperature. 
After that, 300 ml of iced water were added to the 
mixture to deposit a precipitate, which was then ?ltered 
and recrystallized twice from acetonitrile, thereby ob 
taining a colorless crystalline product. 

Yield: 30.9 g, 82.5% 
M.P.: 136°~137° C. 

SYNTHESIS EXAMPLE 2 

Synthesis of Exempli?ed Compound (7) 
24.2 g (0.1 mol) of diethyl a-xylene phosphonate 

were dissolved into 100 ml of N,N-dimethyl formamide, 
and to the solution, with cooling by ice, were little by 
little added 108 g (0.2 mol) of sodium methoxide. To 
the mixture was then added dropwise spending 15 min 
utes a solution of 30.1 g (0.1 mol) of N-(p-tolyl)car 
bazole-3-carbaldehyde dissolved into 200 ml of N,N 
dimethyl formamide. The resulting mixture was stirred 
for one hour in the ice-cooled condition, and then fur 
ther stirred for two hours at room temperature, to 
which were then added 200 ml of iced water to deposit 
a precipitate. The precipitate was ?ltered and recrystal 
lized with the use of a mixed solvent of ethanol with 
benzene in the ratio of 5 to l, and then further recrystal 
lized from acetonitrile, thus obtaining a colorless crys 
talline product. ' 

Yield: 28.4 g, 72.9% 

The carbazole derivatives of the present invention, 
because of having little or no sensitivity in visible re 
gion, need to be subjected to a sensitizing treatment in 
order to be exposed to visible rays. For sensitizing or 
ganic photoconductive compounds there have been 
suggested various methods. A ?rst method is such that 
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an organic dye is added to the compound to provide a 
spectral sensitivity therefor. A second method is such 
that a charge-transfer complex is formed to sensitize the 
compound. The carbazole derivatives of the present 
invention, since they are electron-donating materials, 
are desirably used in combination with an electron 
accepting material. A third method is to make use of the 
carrier transportability of the organic photoconductive 
compound and use in combination other carrier genera 
tion material such as organic dyes, pigments or inor 
ganic photoconductive material in combination with 
the organic photoconductive compound, thereby pro 
viding a function-separative-type light-sensitive ele 
ment. 

Any one of the above sensitizing methods may op 
tionally be applied to the carbazole derivatives of the 
present invention, and an appropriate method may be 
selected according to required characteristics of the 
element. 
The following are typical examples of spectral sensi 

tizing organic dyes applicable to the present invention: 
(A-l) Triphenyl methane dyes such as methyl violet, 

crystal violet, malachite green, and the like. 
(A-2) Xanthene dyes such as erythrocin, rose bengal, 
and the like. 

(A-3) Thiazine dyes such as methylene blue, methylene 
green, and the like. 

(A-4) Oxazine dyes such as Capri blue, Meldola blue, 
and the like. 

(A-5) Cyanine dyes such as thiocyanine, oxacyanine, 
and the like. 

(A-6) Styryl dyes such as p-dimethylaminostyryl quino 
line, and the like. 

(A-7) Pyrylium salt dyes such as pyrylium salts, thiapy 
rylium salts, benzopyrylium salts, and the like. 

(A-8) 3,3'-dicarbazolyl methane dyes. ’ 
These dyes may be used also as carrier~generation 

materials. In addition to the above dyes, those usable as 
carrier-generation materials are: 
(B-l) Azo dyes such as monoazo dye, disazo dye, 

trisazo dye, and the like. 
(8-2) Perylene dyes such as perylenic acid anhydride, 

perylenic acid imide, and the like. 
(B-3) Indigoid dyes such as indigo, thioindigo, and the 

like. 
(B-4) Polycyclic quinones such as anthraquinone, 

pyrenequinone, flavanthrones, and the like. 
(B-5) Quinacrydone dyes. 
(B-6) Bis-benzimidazole dyes. 
(B-7) Indanthrone dyes. 
(B-8) Squarylium dyes. 
(B-9) Phthalocyanine dyes such as metal phthalocya 

nine, metal free phthalocyanine, and the like. 
(B-lO) Selenium and selenium alloy. 
(B-ll) Inorganic photoconductive materials such as 
CdS, CdSe, and the like. 

(B-l2) Co-crystalline complexes formed from pyrylium 
salt dyes, thiapyrylium salt dyes and polycarbonates. 
As electron-accepting materials capable of forming 

charge-transfer complexes with carbazole derivatives of 
the present invention, there may be used such Lewis 
acids as 2,4,7-trinitro?uorenone, 2,4,5,7-tetranitro 
fluorenone, chloranyl, tetracyanoquinodimethane, and 
the like. 
Meanwhile, chemical sensitizers may also be effec 

tively used for the light-sensitive element of the present 
invention. 
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14 
Carbazole derivatives used in the present invention 

have no ?lm-forming-ability in themselves, so that they 
are used in combination with various binder materials to 
thereby form a light-sensitive layer. 
As binder materials used herein, although any con 

ventional ones may be used, hydrophobic, highly di 
electric, insulating ?lm-formable macromolecular poly 
mers are desirable. Such macromolecular polymers 
include, e.g., the following compounds, but are not 
limited thereto: 
(C-l) Polycarbonates. 
(C-2) Polyesters. 
(C-3) Methacrylic resins. 
(C-4) Acrylic resins. 
(C-5) Polyvinyl chloride. 
(06) Polyvinylidene chloride. 
(C-7) Polystyrenes. 
(C-8) Polyvinyl acetate. 
(C-9) Styrene-butadiene copolymers. 
(C-lO) Vinylidene chloride-acrylonitrile copolymers. 
(G1 1) Vinyl chloride-vinyl acetate copolymers. 
(C-l2) Vinyl chloride-vinyl acetate-maleic anhydride 

copolymers. 
(C-l3) Silicone resins. 
(C-l4) Silicone-alkyd resins. 
(C-l5) Phenol-formaldehyde resins. 
(C-l6) Styrene-alkyd resins. 
(C-l7) Poly-N-vinyl carbazole. 
These binder materials may be used singly or in the 

form of a mixture of two or more kinds thereof. 
The light-sensitive element of the present invention, 

as shown in FIG. 1 and FIG. 2, may comprise a conduc 
tive support 1 provided thereon with a light-sensitive 
layer 4 superposedly composed of a carrier-generation 
layer 2 containing as the principal component thereof a 
carrier-generation material and a carrier-transport layer 
3 containing as the principal component thereof a carba 
zole derivative of the present invention. As shown in 
FIG. 3 and FIG. 4, this light-sensitive layer 4 may be 
provided through an interlayer 5 on conductive layer 1. 
When light-sensitive layer 4 is of a two-layer composi 
tion, a light-sensitive element having most excellent 
electrophotographic characteristics can be obtained. 
_And in the present invention, as shown in FIG. 5 and - 
FIG. 6, conductive support 1 may also be provided 
directly or through interlayer 5 thereon with a layer 6 
consisting principally of said carrier-transport material 
into which a ?ne-grained carrier-generation material 7 
is dispersed. Alternatively, without using the carrier 
generation material, a sensitizing dye or Lewis acid or 
the like may be added to the carrier-transport material 
to provide a single-layered light-sensitive layer 4 in the 
same manner as shown in FIG. 5 and FIG. 6. In this 
manner satisfactory results can be obtained. 
Where light-sensitive layer 4 is of a two-layer compo 

sition, which of carrier-generation layer 2 or carrier 
transport layer 3 should be positioned as the upper layer 
is determined depending upon the selection of the 
charging polarity, whether positive or negative. When 
the light-sensitive layer is used with the negative 
charge, it is more advantageous that carrier-transport 
layer 3 be positioned as the upper layer because the 
carbazole derivative in the carrier-transport layer has a 
high transportability to the positive hole. 

Carrier-generation layer 2 composing the two-lay 
ered light-sensitive layer 4 may be formed directly on 
conductive support 1 or carrier-transport layer 3 or, 
when necessary, provided on an interlayer such as an 
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adhesive layer, barrier layer, etc., in any of the follow 
ing means: 
(1) vacuum deposition, 
(2) the means in which the carrier-generation material is 

dissolved into an appropriate solvent and the solution 
is then coated, and 

(3) the means in which the carrier-generation material is 
?nely dispersed into a dispersion medium by means of 
a ball mill or a homomixer, and the dispersed liquid 
obtained, if necessary, after mixing with a binder, is 
coated. The thus formed carrier-generation layer 2 
should have a thickness of preferably from 0.01 to 5 
microns, more preferably from 0.05 to 3 microns. 
The thickness of carrier-transport layer 3, although 

dependent on requirements, is preferably normally from 
_ 5 to 30 microns. The composition proportion of carrier 
transport layer 3 is preferably 1 part by weight of the 
carrier-transport material consisting principally of the 
foregoing carbazole derivative to from 0.8 to 5 parts by 
weight of a binder material, but in the case of forming 
light-sensitive layer 4 into which a powdery carrier 
generation material has been dispersed, the proportion 
range should be preferably 1 part by weight of the carri 
er-generation material to not more than 5 parts by 
weight of the binder material. Where carrier-generation 
layer 2 is constituted as a dispersion type by a binder 
material, the similar proportion range of 1 part by 
weight of the carrier-generation material to not more 
than 5 parts by weight of the binder should likewise be 
used. 

In addition, for conductive support 1 of the electro 
photographic light-sensitive body of the present inven 
tion, there may be used materials such as, e. g., a metallic 
plate, or conductivity-provided paper, plastic ?lm and 
the like coated, deposited or laminated with a metallic 
thin layer such as of aluminum, palladium, gold or con 
ductive compounds such as conductive polymers, in 
dium oxide, and the like. For interlayer 5 which may be 
an adhesive layer, barrier layer and the like, in addition 
to those macromolecular polymers used as the forego 
ing binders, there may be used organic macromolecular 
materials such as gelatin, casein, starch, polyvinyl alco 
hol, vinyl acetate, ethyl cellulose, carboxymethyl cellu 
lose, and the like or aluminum oxide. 
The present invention is illustrated in further detail 

with reference to examples below, but the embodiments 
of the present invention are not limited thereto. 

EXAMPLE 1 

An aluminum foil-laminated conductive polyester 
?lm support was coated with a 0.5-micron-thick carrier 
generation layer by vacuum deposition of selenium. On 
this was formed a carrier-transport layer by coating a 
solution prepared by dissolving 6 parts by weight of 
Exempli?ed Compound (1) and 10 parts by weight of a 
polycarbonate “Panlite L-l250” (manufactured by Tei 
jin Chemical Industry Co., Ltd.) into 90 parts by weight 
of 1,2-dichloroethane, so that the thickness thereof after 
drying was 11 microns, whereby an electrophoto 
graphic light-sensitive element of the present invention 
was produced. 
The resulting electrophotographic light-sensitive 

body was measured for electrophotographic character 
istics by means of an electrostatic copying paper analy 
zer “Model SP-428” (manufactured by Kawaguchi 
Electric Works Co., Ltd); the surface potential VA 
when the surface of the light-sensitive layer of said 
light-sensitive body was charged for 5 seconds by the 
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16 
charging voltage of —6.0 kv, the exposure (half-decay 
exposure) Eé (lux.sec) required to reduce by half the 
surface potential VA by exposing the surface of the 
light-sensitive body to a tungsten light so that the illumi 
nation on said surface is 35 lux, and the surface potential 
(residual potential) VR after exposing with the exposure 
of 30 lux.sec. were found, respectively. 
The cycle of the measurements was repeated 100 

times. The results are shown in Table 1. 

TABLE 1 

1st 100th 

VA (V) —835 —870 
E5 (lux.see) 8.1 8.4 
"R (V) 0 —5 

As apparent from the above table, the results ob 
tained in the 100th measurements show that the charac 
teristics are stable just as those in the ?rst measurements 
are. 

Control 1 

A control light-sensitive element intended to be com 
pared with that in Example 1 was prepared in the same 
manner as in Example 1 with the exception that as the 
carrier-transport material there was used a derivative of 
a carbazole having the formula: 

and the resulting light-sensitive body was subjected to 
measurements similar to those in Example 1. The results 
are shown in Table 2. 

TABLE 2 

1st lOOth 

VA (V) — 865 _91s 
E5 (lux.sec) 10,2 14.1 
V]; (v) - 10 -75 

As apparent from the above table, the control electro 
photographic light-sensitive element is remarkably infe 
rior to the electrophotographic light-sensitive element 
of the present invention. 

Control 1-2 

A control electrophotographic light-sensitive ele 
ment was prepared in the same manner as in Example 1 
with the exception that as the carrier-transport material 
there was used an N-phenyl carbazole having the for 
mula: 
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and the prepared light-sensitive body was subjected to 
measurements similar to those in Example 1, then the 
results showed V,4=—675 V, E%='29.0 lux.sec., and 
VR=—335 V, and thus the light-sensitive body was 
remarkably inferior to the electrophotographic light 
sensitive body of the present invention, so that the con 
trol light-sensitive body was unsuitable for practical 
use. 

EXAMPLE 2 

An aluminum foil-laminated conductive polyester 
film support was coated with a 0.05-micron-thick inter 
layer of a vinyl chloride—vinyl acetate-maleic anhy 
dride copolymer “S-lec MF-lO” (manufactured by 
Sekisui Chemical Co., Ltd.), and on this was formed a 
0.5-micron-thick carrier-generation layer by the vac 
uum deposition of dibromoanthanthrone “Monolite 
Red ZY” (C.I. No. 59300, manufactured by ICI), and 
further on this was formed a carrier-transport layer by 
coating a solution prepared by dissolving 6 parts by 
weight of Exempli?ed Compound (14) and 10 parts by 
weight of a polycarbonate “Panlite L-l250” (Teijin 
Chemical Co., Ltd.) into 90 parts by weight of 1,2 
dichloroethane, so that the thickness thereof after dry 
ing becomes ll microns. 
The thus prepared light-sensitive body was subjected 

to measurements similar to those in Example 1. The 
results are shown in Table 3. 

TABLE 3 
1st 100th 

v; (v) —960 -%s 
Ei (lux.sec) 3.4 3.5 
VR&(V) , 0 0 

’ ‘Further, this light-sensitive body was applied to an 
electrophotographic copier “U-Bix 2000 R” (manufac 
tured by Konishiroku Photo- Industry Co., Ltd.) to 
carry out reproductions of an image, then copies of the 
image true to the original, highly contrasty, and excel 
lent in the gradation were obtained. The light—sensitive 
body enabled making satisfactory 10,000 copies without 
changing the exposure; the'image quality, even after the 

10,000 copying operations, was on the same level as the 
initial ones. The surface potential, sensitivity (half 
decay exposure) and residual potential were measured. 
The results are shown in Table 4. 

TABLE 4 
After making 
10,000 copies 

v, (v) -915 
El (lux-sec) 3.7 
We (V ) — 5 
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Control 2 

A control light-sensitive body was prepared in the 
same manner as in Example 2 with the exception that as 
the carrier-transport material there was used a deriva 
tive of a carbazole having the formula: 

CH=CH 

N 

and the resulting light-sensitive body was subjected to 
measurements similar to those'in Example 2. The results 
are as shown in Table 5. 

TABLE 5 

lst 100th After making 
copying copying 10,000 copies 

VA (V) —8l5 —890 —-945 
E! (lux.sec) 5.2 6.3 7.7 
VR (V) -—30 -—5S —l20 

As apparent from the table, it is found that the control 
light-sensitive body is remarkably inferior in the stabil 
ity in the repeated copying operations to the light-sensi 
tive body of the present invention. 

EXAMPLE 3 v 

A conductive support having the same interlayer as 
was used in Example 2 was coated thereon, then was 
coated with a carrier-generation layer by applying 
thereon a solution so that the coated amount after dry 
ing is 0.2 g/m2, said solution being prepared by dis 
solving 1 part by weight of a bisazo pigment having the 
formula: 

into 140 parts by weight of a mixture solution of ethyl 
enediamine, n-butylamine, and tetrahydrofuran mixed 
in the ratio of l.2:l.0:2.2, and was further coated with a 
carrier-transport layer by applying a solution prepared 
by dissolving 6 parts by weight of Exempli?ed Com 
pound (l0) and 10 parts by weight of methacrylic resin 
“Acrypet” (manufactured by Mitsubishi Rayon Co., 
Ltd.) into 90 parts by weight of 1,2-dichloroethane so 
that the thickness thereof after drying is 12 microns, 
thus preparing an electrophotographic light-sensitive 
body of the present invention. The thus obtained light 
sensitive body was subjected to measurements similar to 
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those in Example 1. The E% was 2.9 lux.sec., while the 
VR was 0(V). 

XAMPLE 4 

A conductive support having the same interlayer as 
was used in Example 2 was coated thereon, then was 
coated with a 0.5-micron-thick carrier-generation layer 
by the vacuum deposition of N,N’-dimethyl perylene 
3,4,9, lO-tetracarboxylic acid diimide “Paliogen Maroon 
3920” (CL No. 71130, manufactured by BASF). On this 
was coated a carrier-transport layer by applying a solu 
tion prepared by dissolving 6 parts by weight of Exem 
pli?ed Compound (3) and 10 parts by weight of a poly 
ester “Vylon 200” (manufactured by Toyobo Co., Ltd.) 
into 90 parts by weight of l,2-dichloroethane so that the 
thickness thereof after drying is ll microns, thus pro 
ducing an electrophotographic light-sensitive body of 
the present invention. 
The resulting light-sensitive body was subjected to 

measurements similar to those in Example 1, then the 
results were E%=5.6 lux.sec. and VR= — 10 V. 

EXAMPLE 5 

An aluminum foil-laminated conductive polyester 
?lm support was coated with a 0.05-micron-thick inter 
layer of a polyester “Vylon 200” (manufactured by 
Toyobo Co., Ltd.), and on this was coated a light-sensi 
tive layer by applying a solution prepared by dissolving 
1 part by weight of 4-(p-dimethylaminophenyl)-2,6 
diphenyl-thiapyrylium perchlorate into 130 parts by 
weight of dichloromethane, into which were further 
well dissolved by stirring 10 parts by weight of a poly 
carbonate “Jupilon 8-1000” (manufactured by Mit 
subishi Gas Chemicals Co., Inc.) and 6 parts by weight 
of Exempli?ed Compound (16) so that the thickness 
thereof after drying is 12 microns, whereby an electro 
photographic light-sensitive body of the'present inven 
tion was prepared. 
The initial characteristics and the characteristics after 

making 10,000 copies are as shown in Table 6. 
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the carrier-transport material'there was used a carba 
zole derivative having the formula: 

KIT/O O C2145 

and the light-sensitive body was subjected to measure 
ments similar to those in Example 6. The results are as 
shown in Table 8. 

TABLE 8 
1st 100th 

v,, (v) —865 _910 
Eé (lux.sec) 3.6 4.9 
VR (V) —25 —45 

The above table shows that the control light-sensitive 
body is remarkably inferior to the light-sensitive body 
of the present invention. 

EXAMPLES 7 TO 10 

Electrophotographic light-sensitive bodies of the 
present invention were prepared in the same manner as 
in Example 2 with the exception that Exempli?ed Com 
pounds (4), (8), (l5) and (17) were used, respectively, 
and these resulting light-sensitive bodies were subjected 
to the measurement similar to that in Example 1 to 
determine the sensitivities thereof (half-decay expo 
sure), then the results were obtained as shown in Table 
9. 

40 . 

TABLE 6 TABLE 9 
1st After making Exempli?ed 

copying 10,000 copies compound El (lux.sec) 
VA (V) _935 —955 Example 7 (4) 3'2 
Et (hm-sec) 1-7 1-9 45 Example 8 (8) 3-3 
VR (V) 0 0 Example 9 (is) 3.1 

Example l0 (17) 3.5 

EXAMPLE 6 
50 Control 4 An electrophotographic light-sensitive body of the 

present invention was prepared in the same manner as in 
Example 5 with the exception that as the carrier-tran 
sport material, Exempli?ed Compound (28) was used, 
and the resulting light-sensitive body was subjected to 
measurements similar to those in Example 1. The char 
acteristics in the first and 100th measurements were as 
shown in Table 7. 

TABLE 7 

1st 100th 

V A (V) — 890 -—905 

IE (lux.sec) 2.3 2.5 
VR (V) 0 _ 5 

Control 3 

A control light-sensitive body was prepared in the 
same manner as in Example 5 with the exception that as 

55 

65 

A control light-sensitive body was prepared in the 
same manner as in Example 2 with the exception that as 
the carrier-transport material there was used a com 
pound having the formula: 

8 s ‘ CH3 0 we... 

This light-sensitive body was subjected to similar 
measurements to those in Example 2. The results are 
shown in Table 10. 

CH] 
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TABLE 10 

1st I 100th 

VA (v) —690 -730 
El (lux.sec) 6.4 8.6 
V}; (v) —64 - 1 15 

As apparent from the table, it is found that the control 
electrophotographic light-sensitive body shows very 
large deterioration in repetitive use as compared with 
the electrophotographic light-sensitive bodies of the 
present invention. 

Control 5 

A control light-sensitive body was prepared in the 
same manner as in Example 3 with the exception that as 
the carrier-transport material there was used a com 
pound having the formula: 

0 

%CI-I=CH 
N . 

This light-sensitive body was subjected to the mea 
surement similar to that of Example 3. The Eé was 7.3 
lux.sec. Thus the sensitivity of the control light-sensi 
tive body was remarkably lower than that of the elec 
trophotographic light-sensitive body of the present 
invention in Example 3. 

Control 6 

A control light-sensitive body was prepared in the 
same manner as in Example 4 with the exception that as 
the carrier-transport material there was used a com 
pound having the formula: 

0 
II 

n CZHS 
CH1 0 CH=CH N 

C2H5 

The prepared light-sensitive body was subjected to 
similar measurements to those in Example 4. The Eé 
was 10.5 lux. sec., while the VR was —92 V. As appar 
ent from the results, the control light-sensitive body was 
remarkably inferior to the light-sensitive body of the 
present invention in Example 4. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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FIG. 1 to FIG. 6 are the respective sectional views of 55 
examples of the mechanical composition of the electro 
photographic light-sensitive body of the present inven 
tion, wherein 

. conductive support, 

. carrier-generation layer, 

. carrier-transport layer, 

. light-sensitive layer, 

. interlayer, 

. layer containing carrier-transport material, and 
. . . carrier-generation material. 

We claim: 
1. An electrophotographic light-sensitive element 

comprising a conductive support which supports a 
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light-sensitive layer containing a carbazole derivative of 
the formula: 

N 

l. 
R1 

wherein R1 is an aryl group, R2 is hydrogen, a halogen, 
an alkyl, an alkoxy, an amino or hydroxy group, and R3 
is an aryl, or a heterocyclic group. 

2. The electrophotographic light-sensitive element of 
claim 1, wherein said aryl group in R1 is a phenyl group 
or a naphthyl group. 

3. The electrophotographic light-sensitive element of 
claim 1, wherein said aryl group in R1 is unsubstituted 
phenyl, unsubstituted naphthyl, phenyl or naphthyl 
substituted by an alkyl group having 1 to 4 carbon 
atoms, an alkoxy group having 1 to 4 carbon atoms, a 
dimethylamino group, a diethylamino group, chlorine 
or bromine. 

4. The electrophotographic light-sensitive element of 
claim 1, wherein R2 is selected from the group consist 
ing of hydrogen, chlorine atom, bromine atom, an alkyl 
group having 1 to 4 carbon atoms, an alkoxy group 
having 1 to 4 carbon atoms, a dimethylamino group, a 
diethylamino group and hydroxy group. 

5. The electrophotographic light-sensitive element of 
claim 1, wherein R3 is selected from the group consist 
ing of a phenyl group, a naphthyl group, an anthryl 
group, a furyl group, a thienyl group, a carbazyl group, 
a benzfuryl group and a benzthienyl group, which may 
be substituted by an alkyl group having 1 to 4 carbon 
atoms, an alkoxy group having 1 to 4 carbon atoms, a 
phenyl group, a dimethylamino group, a diethylamino 
group, a diphenylamino group, a hydroxy group or a 
halogen atom. 

6. The electrophotographic light-sensitive element of 
claim 3, wherein R2 is selected from the group consist 
ing of hydrogen, chloride atom, bromine atom, an alkyl 
group having 1 to 4 carbon atoms, an alkoxy group . 
having 1 to 4 carbon atoms, a dimethylamino group, a 
diethylamino group and hydroxy group; wherein R3 is 
selected from the group consisting of a phenyl group, a 
naphthyl group, an anthryl group, a furyl group, a thi 
enyl group, a carbazyl group, a benzfuryl group and a 
benzthienyl group, which may be substituted by an 
alkyl group having 1 to 4 carbon atoms, an alkoxy 
group having 1 to 4 carbon atoms, a phenyl group, a 
dimethylamino group, a diethylamino group, a diphe 
nylamino group, a hydroxy group or a halogen atom. 

7. The electrophotographic light-sensitive element of 
claim 1, wherein said light-sensitive layer further com 
prises a carrier-generation material. 

8. The electrophotographic light-sensitive element of 
claim 6, wherein said light-sensitive layer further com 
prises a carrier-generation material. 

9. The electrophotographic light-sensitive element of 
claim 7, wherein said light-sensitive layer comprises a 
layer containing said carrier-generation material and a 
layer containing said carbazole derivative. 

10. The electrophotographic light-sensitive element 
of claim 8, wherein said light-sensitive layer comprises 
a layer containing said carrier-generation material and a 
layer containing said carbazole derivative. 
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11. The electrophotographic light-sensitive element 
of claim 1, further comprising an interlayer between 
said light-sensitive layer and said conductive support. 

12. The electrophotographic light-sensitive element 
of claim 1, wherein said light-sensitive layer further 
comprises a spectral sensitizing dye selected from the 
group consisting of triphenyl methane dye, xanthene 
dye, thiazine dye, oxazine dye, cyanine dye, styryl dye, 
pyrylium salt dye and 3, 3'-dicarbazolyl methane dye. 
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13. The electrophotographic light-sensitive element 

of claim 1, wherein said light-sensitive layer further 
.comprises a binder. 

14. The electrophotographic light-sensitive element 
of claim 9, wherein said layer containing said carrier 
generation material has a thickness of 0.05 to 3 microns 
and said layer containing said carbazole derivative has a 
thickness of from 5 to 30 microns. 

* * * * * 


